Abstract-We demonstrated that attenuated total reflectance terahertz time-domain spectroscopy (ATR THz-TDS) is able to monitor oxidative stress response of living human cells, which is proven in this work that it is an efficient non-invasive, label-free, real-time and in-situ monitoring of cell death. Furthermore, the dielectric constant and dielectric loss of cultured living human breast epithelial cells, and along with their evolution under oxidative stress response induced by high concentration of H2O2, were quantitatively determined in the work. Our observation and results were finally confirmed using standard fluorescence-labeled flow cytometry measurements and visible fluorescence imaging.
I. INTRODUCTION
xidative stress is implicated in several pathological progresses, including cancer, diabetes, myocardial infarction, and neurodegenerative diseases, as well as cell death and aging [1] . A variety of methods including Western Blot, DNA-electrophoresis, colorimetric analysis, flow cytometry or fluorescence microscopy have been proven effective in detecting cell death induced by oxidative stress [2] . However, these tests require substantial manipulation of the cells such as cell fixation and permeabilization, cell components extraction, fluorescent dyes labeling; therefore a real-time and in-situ monitoring of oxidative stress responses of living cells is not possible. Technical approach to overcome this limitation might be the attenuated total reflectance terahertz time-domain spectroscopy (ATR THz-TDS). In the ATR THz-TDS scheme, the THz pulse is subject to total internal reflection at the upper interface of an ATR prism, generating an evanescent wave that penetrates into monolayer living cells [3] .
In this paper, we used home-built silicon-based ATR THz-TDS system to study in-situ the cultured living human breast epithelial cells (MCF10A), which are at the same time being monitored by an upright metallographic optical microscope. Living MCF10A cells are successfully cultured on and adherent to the silicon ATR prism. The adherent living cells interacts strongly with THz evanescent wave from silicon prism; hence by detecting the ATR THz spectrum from the silicon-liquid interface, we successfully characterized the THz dielectric responses of MCF10A cells. Further, adherent cells ATR were exposed to high concentration of hydrogen peroxide (10mM, H2O2), and the cell death induced by oxidative stress were monitored in-situ by ATR THz-TDS system for more than 2 hours. With fluorescence-based flow cytometry analysis and fluorescence imaging, the validation of THz spectral patterns of cell death process was accomplished. Our findings suggest that ATR THz-TDS is a useful cell analysis platform for non-invasive, label-free, real-time and in-situ monitoring cellular processes [4] .
II. RESULTS
Using a home-made ATR-THz element for THz-TDS system, the THz spectra of MCF10A cells cultured in LCIS (Live Cells Imaging Solution) was obtained. The time-domain THz pulses and the frequency-domain spectra of MCF10A cell culture were generally higher than those of LCIS (Fig. 1a-b) . After calculation, the determined complex dielectric constant of MCF10A cells in the LCIS is compared with that of the LCIS. We found the dielectric constant (real part) of MCF10A cells was almost unchanged except for a slight decrease below 0.5 THz (Fig. 1c) . In contrast, dielectric loss (imaginary part) of MCF10A cells showed a significant decrease from 0.3 to 0.9 THz (Fig. 1d) . These disparities both in the dielectric constant (0.3-0.5 THz) and the dielectric loss (0.3-0.9 THz) were significant since they are greater than the analytical error bars.
In order to obtain the THz dielectric response of MCF10A cells upon oxidative stress, high concentration of H2O2 (10mM) was added to the cell cultured in sample ATR prism after living cells measurement. The complex dielectric constants of control (LCIS + H2O2) and H2O2-treated cells are shown in Figure 3 . The dielectric constants were almost unchanged after exposure to H2O2 (Fig. 2a) . In contrast, a slight increase of dielectric loss during time course of H2O2 exposing was observed (Fig. 2b) . This increase had statistical significance between 0.3 and 0.9 THz (Fig. 2b) .
Furthermore, we used flow cytometer to analysis the oxidative stress response of living human cells. We define a relative Δrel and normalized Δ experimental contrasts [4] . We found normalized THz contrast (1-Δ) and death rate (including apoptosis and necrosis) of MCF10A cells showed a very good agreement (Fig. 3 ). There is a slow growth of normalized THz contrast during the first 1 hour, coincide with the slow increase of cell death rate. By comparison, a speed increase of THz contrast as well as a dramatic increase of cell death rate was observed during 1 hr to 2 hr.
In the presentation, more details of the experiments and key results will be discussed, as well as the recent results and analysis. 
